MADRID, J. A., P. MATAS, F. J. SJd~ICHEZ-V/~uZQUEZ AND E. M. CUENCA. A contact eatometerfor automated continuous recording of feeding behavior in rats. PHYSIOL BEHAV 57(I ) 129-134, 1995.--A new contact eatometer designed and built in our laboratory is described. The system makes possible the reliable continuous recording of feeding behavior in rats from the time of weaning, without significantly affecting food intake-and grnwth-related variables. Improved time discrimination and reliability of records -along with the small financial outlay necessary to manufacture the device-make the system appropriate for chronobiological studies which involve the simultaneous use of a large number of animals.
INTRODUCTION
AFTER motor activity, feeding behavior is probably the most widely recorded variable in studies on the physiology and pharmacology of the animal circadian system.
Various methods have been used to record this behavior. These can be grouped into five principal categories: (a) operant methods, in which the animal presses a bar to obtain the food (1, 2, 21) ; (b) pellet-detecting eatometers which deliver a pellet each time one is eaten (8, 10, 23) ; (c) electronic balances which continuously measure the weight of the food and relay the information to a computer (3, 4, 7, 9, 16) ; (d) devices which record the presence of either the whole animal inside a feeding chamber (12, 14, 17) or the animal's head over the food cup (11, 13) ; and (e) devices which detect the animal's contact with the food, commonly known as eatometers (6, 10, 22) . All these methods can potentially be used in long-term chronobiological studies. However, the experimental protocols of these studies require the recording of the feeding behavior of a large number of animals over long periods of time, with the minimum of human interference. This, and the high cost of monitoring devices on the market led us to develop a system based on a conventional rat-keeping cage whose engineering goals were as follows:
1. Economy. 2. Noninterference with the animals' feeding behavior or food intake. 3. Possibility of using conventional-sized pellets. This paper describes a system designed, implemented and used by us that fulfils the above criteria.
METHOD

Cage Design
We used a conventional rat-keeping cage (Panlab, S.L.) consisting of a transparent polycarbonate box covered by a stainless steel grid with a depression where the food and water could be placed. The eating and drinking areas were separated by a metal plate. Mounted on the inside of the eating area was a swinging grid which enabled the animal to reach the food when it was pushed up. For easier movement, the grid was balanced by means of an adjustable counterweight. A microswitch fitted to the swinging grid was turned on each time the grid was pushed. This information was then fed into an IBM PC-AT computer. To prevent false contacts with the food as a result of the rats' spontaneous motor activity, the bottom part of the swinging grid was covered with a U-shaped stainless steel protector (Fig. 1) .
Hardware
To store the signals from each cage, we designed a device consisting of a RACK module and two interface cards con- nected internally to the expansion slots of an IBM PC-AT computer. The first of these interface cards had nine integrated PPI (Peripheral Programmable Interface) circuits, each providing three eight-bit input/output ports (A, B, C), with a total of 192 available channels. Sixty two of these I/O channels were prepared as optocoupled digital inputs, each having one green light emitting diode (L.E.D.) on the front panel of the RACK, which showed when a rat contacted the food.
The second card provided 32 analogic-to-digital input channels, which allowed the measurement of 32 analogic parameters (temperature, light, etc.).
Software
Program for data acquisition and analysis was written using compiled BASIC (QuickBASIC, Microsoft Corp.). The characteristics of this program are as follows:
• To determine every 10 min the feeding duration (the total amount of time spent feeding).
• To register light conditions in the experimental rooms.
• To register the temperature in each room.
• To store and save data every 10 min.
• In the event of a failure in the power supply, the programme is restarted at the onset of a new 10-rain period once the failure is over. 
Animals and Housing
The device was used to obtain feeding patterns from 56 Wistar rats of both sexes. All animals were studied after weaning at 25 days of age. The cages were placed in the same light-temperature-and humidity-controlled room (LD 12:12, light from 08.00 to 20.00 h; temperature 22___ I°C; relative humidity 60+__ 10%). A pelleted diet (Letica, Barcelona) and tap water were available ad lib.
Cages were cleaned and food and animals weighed every 4 days always at the beginning of a light period.
Procedure
To study the effect of the presence of the eatometer on body weight gain and food intake, 40 rats (20 males and 20 females) were divided into two groups after weaning. Twenty rats were housed in conventional cages and the remaining 20 were kept in cages equipped with eatometers. Eating activity was continuously recorded for 40 days following weaning.
In a second experiment, designed to detect the occurrence of "false meals" as a result of the movement of the sensing screen by the rats' motor activity, 16 rats (8 males and 8 females) were housed in cages equipped with eatometers. During the first 10 days (25-34 days old), the food was provided inside the cage; from day 10 (35-44 days old) the food was given in the feeder and from day 30 (45-52 days old), inside the cage again.
Quantitative Analysis of Data
Contact with the sensing grid of the eatometer was recorded cumulatively and stored on disk every 10 min, so that the total feeding duration (the total amount of time spent feeding) could be known. Feeding duration measured in this way is quite different from meal duration which refers to the total time from the beginning to the end of a particular meal. This last parameter is very dependent on the meal pattern and the meal separation criteflon chosen, whereas feeding duration excludes these interferences and changes very little in individual animals.
For visual inspection and meal frequency calculations, event records were printed at lO-min intervals over a 48-h scale with each day being repeated (double plot). Feeding events with no interruption for 20 rain were defined as a meal. This time criterion is similar to that used by others to discriminate within-meal from between-meal pauses (10, 12, 13, 19) . To show the reliability of the eatometer, and unlike most previous publications, we included all contacts made in the definition of what contitutes a meal, as long as these contacts were separated from others by at least 20 min.
A one-way ANOVA was used to determine differences in daily body weight and food intake between groups. If there were significant effects, individual comparisons were made by means of the Scheffe test.
RESULTS
With this device we obtained actograms of eating activity (Fig. 3 ) which resembled those obtained by others using different recording techniques. In addition, it can be observed that animals began to eat immediately after they were placed in the cage provided with the eatometer.
For comparison with other feeding data, the general characteristics of daily food intake, meal size, meal frequency, feeding duration, and feeding efficiency (the ratio of daily food intake to daily feeding duration) are given in Table 1 .
The probability of "false contacts" due to noningestive interactions of rats with the sensing screen (which might be interpreted as eating events) is highly reduced, because the grid is equipped with a protector that prevents against such contacts. Figure 4 shows the records of rats fed alternately inside the cage and in the feeder. When the rats were fed inside the cage (phase a), no contacts with the eatometer occurred; during the second stage (phase b), when the food was given in the feeder, the animals soon assumed a consistent feeding pattern. Female rats spent 77% of their total eating time on nocturnal meals and males 75%. During the third stage (phase c), when food was available inside the cage, the number and duration of spurious contacts increased with regard to the first stage; the time apparently spent by males on feeding activity (feeding duration) was 0.99% of that spent during the second stage; in females this value was 1.56%. The number of events detected during the third stage which fulfilled our arbitrary definition of a meal and which could therefore be interpreted as false meals was 1.2 per day for both male and female rats. However most of these false meals are of short duration as indicated by the very small values obtained after the calculation of the ratio of feeding duration/meal frequency (0.33 min/meal in male and 0.58 min/meal in female rats during phase c, vs. 5.48 min/meal in male and 5.08 min/meal in female rats during phase b). Figure 5 presents body weight gain and daily food intake in rats kept in conventional and eatometer-equipped cages. The presence of the grid for recording meals did not seem to adversely affect the food intake (FI, 18 = 0.48, p = 0.50 in male and F1,17 = 0.002, p = 0.963 in female rats) or daily weight gain (Fl,18 = 4.05, p = 0.059 in male and F1, l 7 = 0.723, p = 0.42 in female rats). This lack of overall effects was independent of the animal's age and sex.
DISCUSSION
The apparatus described in this report enabled us to reliably measure the feeding duration, meal duration and meal frequency in rats after weaning, without affecting food intake-and growthassociated variables. The use of the same type of cage and pellet size as during the breeding period enabled weaned rats to easily access the food and eat as much as their controlled counterparts.
This recording technique provided us with feeding actograms similar to those reported by other authors using different recording methods (18, 20) . In addition, with this method most feeding parameters (e.g., meal frequency, meal duration and meal intervals) can be directly and automatically analyzed. Meal size can only be estimated directly by division of total intake in a particular period by frequency values although, as repetitive manual weighing of feed containers over short periods of time has been shown to induce artifacts, the weighing procedure should be only be carried at long intervals; an alternative way of estimating meal size is to multiply meal feeding duration by the 24-h intake/duration ratio. However, given the variability of the food amount/ meal duration ratio over the 24-h intake/duration ratio, we do not think this parameter can be reliably from inferred time record. The reliability of feeding records was high as shown by the fact that rats unaccustomed to feeding from the trough produced an undetectable number of spurious contacts. The number rose, particularly during dark periods, in rats which had previously taken their feed from the container. It is uncertain whether these contacts are a result of the rats' tendency to search for food in the container or of their exploratory activity. However, the identification of "true" meals on an eatometer record is relatively simple. Because contacts with the eatometer occur in clusters which are rarely less than 1 min in duration, it is convenient to define one meal as a cluster of contacts having a duration of more than 1 min. This restriction effectively eliminates the possibility of recording an artifact as a meal, and very few data are lost. Spurious meals in both sexes raised the apparent meal frequency above the "true" value. This situation is similar to that reported previously (15) using another eatometer model.
Operating endurance, that is, the time that the system can go without human manipulation to refill the container, is a major requirement in chronobiological studies. The experimenter's daily entry into the room and the addition of fresh food can significantly influence the animals' free running and the manipulation of feed containers per se can affect feeding behavior (5). Using adult Wistar rats, our system performed effectively and continuously for 1 wk periods without the need to add any food to it. A further requirement, in studies on feeding behavior where body weight gain is to be measured, is the food availability should not depend on mechanisms that might become blocked either by electrical or mechanical failure. In this case, animal feeding behavior and growth patterns might be disturbed. Because of its mechanical simplicity, our eatometer posed no operating problems during the whole of the experiment. In short, we believe that the reliability and time discrimination of the records obtained--together with the small financial outlay--make this eatometer very suitable in chronobiological studies of feeding behavior involving the simultaneous use of a large number of animals.
